Mooring system design problem is to determine the anchor chain type, length and weight of the ball to make the buoy of the draft depth and swimming area and the angle of inclination of steel drum as small as possible. In this paper, we proposed the mooring system optimization design by mechanical analysis. Because the wind speed on sea surface and sea water velocity direction may not be located in the same plane, so we established three-dimensional coordinate system. And then we deduced the force relation between the objects. Then we regarded the depth, radius and angle of inclination of the winding drums as the optimization goal. By Genetic algorithm we obtain the chain number and length, the quality of heavy ball to make the mooring system under different external conditions (water depth, water velocity and wind speed) safe and stable.
Introduction
A mooring system is shown as Fig.1 . Due to tidal, layout of the waters measured depth of 16m ~ 20m. The maximum velocity of the seawater is 1.5 m / s and the maximum wind speed is 36 m / s. We obtain the mooring system design considering wind, water flow and water depth. Analyze the inclination angle, anchor shape, bucket depth and buoying area of steel drum and steel pipe under different conditions.
The establishment of three-dimensional coordinate system
In order to discuss and express the entire state clearly, a three-dimensional coordinate system will be used. As Fig.1 shown, we establish the coordinate system, in which Z direction is buoyancy direction and x y plane is the seabed plane. Analogy two-dimensional case, the force is broken down along the rod direction, along the vertical direction of the bar. The specific analysis and the equilibrium equation are similar to the two-dimensional case.
Genetic algorithm specific process
According to the conditions set, the depth of the layout of the sea, sea and wind speed are in a certain range. While the weight of the ball is also unknown. Therefore, we construct the genetic algorithm model to optimize moving radius and inclination angle of the drum.
Genetic algorithm detailed design
According to the conditions set, the depth of the layout of the sea, the sea speed, the wind speed is a certain range, while the weight of the heavy ball is unknown, so you can draft depth, swimming radius and steel drum tilt angle for the optimization target, Genetic algorithm model. The specific process is as follows:
1) Constructing fitness function In fact, the tilt angle of steel drums and the draft y0 and swimming radius r of should as far as possible to meet the conditions of the small, but the variable is not in an order of magnitude, so without any treatment directly into the fitness function will cause great error. So the idea of structure modeled on the normalized fitness function are as follows: 2) Linear constraint condition According to the analysis of the three-dimensional force in (2), the total force of each steel pipe, the heavy ball and the anchor chain in the X direction, the Y direction and the Z direction equal 0. Namely the system is in a state of equilibrium: 3) Absolute and non-negative constraints According to the tilt angle and the angle of the anchor chain and seabed limit: Call the MATLAB GA function of genetic algorithm. Use the fitness function and the constraint conditions to get the best draught, radius R and the inclination angle of the drum.
Tab.1 Different situation

Specific situation 1
Depth=16m, wind and water is in same direction, their speed are the maximum value.
2
Depth=16m, wind and water is in opposite direction, their speed are the maximum value. 3
Depth=18m, wind and water is in same direction, their speed are the maximum value. 4
Depth=18m, wind and water is in opposite direction, their speed are the maximum value.
5
Depth=20m, wind and water is in same direction, their speed are the maximum value. 6
Depth=20m, wind and water is in opposite direction, their speed are the maximum value.
The results of optimal anchor type and heavy ball quality are obtained by previous. In order to simplify the calculation, we only consider water and wind flow direction are equal and opposite. When the water depth is 16/18/20m respectively. The results are as follows: According to the data of the anchor cable, the image can be made in the three-dimensional coordinate system, and only the image in the first case can be drawn: Fig.3 The shape of anchor chain By the analysis of theoretical mechanics and genetic algorithm, the parameters of the optimal mooring system can be obtained, so that the design of the mooring system can achieve the desired effect.
Conclusions
This model can directly influence the key part of the system analysis.so that we can get safe, stable operation of the system condition. But we can optimize and improved for each step and use multi window mutation to get a better system conditions to fit the actual situation.
